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Introduction 



> HRP’s role: enabling safe, reliable, and 
productive human space exploration within 
and beyond Low Earth Orbit. 

> Can we increase effectiveness of addressing 
the risks of getting humans to Mars? 

> With limited flight resources, can we provide 

• countermeasures 

• knowledge 

• technologies 

• and tools that 



take advantage of multiple perspectives, 
disciplines, and complementary solutions? 


As seen in previous talk, initial efforts are underway to enhance HRP’s 
emphasis on integration and cross-disciplinary scientific collaborations. 
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Use Models and Tools to Support 

Integration 



> To emphasize integration in HRP’s science portfolio management, 
concepts are being explored through development of a set of tools. 

> These tools are intended to enable 
modeling, analysis, and visualization 
of 

• the state of the human system in 
the spaceflight environment 

• HRP’s current understanding of 
that state with an indication of 
uncertainties 

• and how that state changes due 
to HRP programmatic progress 
and design reference mission 
definitions. 

Image from: http://zerog2002.de/bodyreactions.html 



FLUID REDISTRIBUTION 
CAUSES HEAD CONGESTION 
AND PUFFY FACE 


OTOLITHS IN INNER EAR 
RESPOND DIFFERENTLY 
TO MOTION 


CHANGED SENSORY 
INPUT CONFUSES BRAIN, 
CAUSING OCCASIONAL 
DISORIENTATION 


WEIGHT-BEARING BONES 
AND MUSCLES DETERIORATE 


KIDNEY FILTRATION RATE 
INCREASES; BONE LOSS MAY 
CAUSE KIDNEY STONES 


LOSS OF BLOOD PLASMA 
CREATES TEMPORARY ANEMIA 
ON RETURN TO EARTH 


FLUID REDISTRIBUTION 
SHRINKS LEGS 


TOUCH AND PRESSURE 
SENSORS REGISTER 
NO DOWNWARD FORCE 



Initial High-Level Model Framework 


> Common goals of safe, productive and reliable human space flight 

> Whether focus is on Operations, Vehicle Design or the Human System 
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Expanding Framework 



> In the Human System, HRP supports the protection of additional 
outcomes 


Operations Vehicle Design 



Behavioral Health and Cognition Outcomes 


Physiological Performance Outcomes 


Physical Health Outcomes 


i 

Task Performance Outcomes 

y 

Mission Outcomes 



Socio-Technica l 
Domain Key: 


Operations 


Contributing Factor Map 

Factors Influencing Human Health and Performance in Space 
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Vehicle 

Design 


Task Planning 
and 

Scheduling 


Shift Scheduling 


Mission 

Planning 



Vehicle Physical Environment 

Vehicle Architecture 

Habitability 


User Interfaces 

Quality of Procedures 



Behavioral 

Health 

Outcomes 

Physiological 

Performance 

Outcomes 


Physical Health 
Outcomes 


Task Performance 
Outcomes 

Mission 

Outcomes 


Time 

Task 



Context 

Familiarity 

Work Load 



Psychological Conditions 



Existing Physical 
Conditions 


Above factors can influence task performance: 




OBSERVATION 


interpretation 


Above factors and task performancdcan influence mission performance: 


SUCCESS 


DEGRADED 

PERFORMANCE 


LOSS OF 
MISSION 


LOSS OF CREW 


Adapted from Mindock, J., Development and Application of Spaceflight Performance Shaping Factors for Human Reliability Analysis. University of Colorado, Boulder, CO, 2012. 











Sorio-Technical 
Domain Key: 


Operations 


Contributing Factor Map 

Factors Influencing Human Health and Performance in Space 


Vehicle 

Design 


Task Planning and 
Sch eduling 

task 
timeline 


operational 
task allocation 


definition I 


length of 
work 

, shifts , 
frequency 
of work 

, shifts . 


consecutive 
days on 


consecutive 
days off 
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Mission Planning 



mission 

destination 

orbits and 
trajectories 

sleep 

shifting 



mission 

duration 

mission 

scenarios 


“CFM” 
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Organizational Support 

ground 

communications 
lavailabilitv & ease 

safety 

culture 

warning 

capabilities 

performance 

culture 

f ground control /! 
crew 

relationship J . 

workplace 

support 

level of 
crew 

autonomy . 

design cycle & 
operational 
loaistics 




Training Quality 


applicability 
of training 

level of 
training 

language or 
cultural barriers 
to training 



recency of 
training 

applicable 
operational 
. exDerience . 

crewmembers 
training 
toaether J 








Coordination 

workload 

management 

shared mental 
models 

skill set 
mix 

task 

leadership 


Crew Colla boration Quality 


Space Flight 
Resource 
Management 


understanding & 
acceptance of roles 
. & responsibilities . 


task conflict 
level 




1 interpersonal 
| leadership 

collective 

efficacy 

interpersonal 
conflict level 

team 

cohesion 

> 


Communication 
within the team 


Team 

Psychosocial 

Adaptation 



microorganism 

virulence 

inventory ' 
management 
. capability , 

habitable 

volume 

confinement 

level of 
sensory 

otimnlatinn 

availability ' 
of medical 

narp , 

availability ' 
of personal 

itpms 

decor of 
environment 

cleanliness of 
environment 

food 

system 

nutrition 

availability of 
private space 

availability of 
recreation / 
--Phonal activities. 

availability of 
exercise 

^countermeasures J 

hygiene 

support 



User Interfaces 


mobility aids & restraints 
availability & quality 


information 
displays / 


control 
panels / 


identifiabilrty 


decision aids J Unput devicesJ lighting 


situation- 

specific 


standardization 


hardware tool 
availability 


hardware 
ease of use 


human / vehicle! 

automation 
. integration J 


human / robotics 
integration 


caution & 
warning 
functionality 


range of motion 
accommodations 


software 
ease of use 


information 
management support 


orientation of 
user interfaces 


reach envelope 
accommodations 


body surface area, 
volume, & mass props 
acccmms 


suit efficiency' 
design 

> parameters , 


strength 

accommodations 


organization of 
procedural inputs/ 
info availability 


irhtof Procedur e s 

! r familiarity of 
^ ' response patterns/ 

-Standardizatiion- 


clarity, ease of use, 
comprehensibility of 
procedures 


Time Context 


beginning/ 
middle/ end 
. Of shift 


available 

time 


Task Familiar ity 

' context or ' 
setting as 
expected- 


novelty of 
task 


cognitive 
work load 


physical 
work rate 


physical 
work load 


Behavioral 

Health 

Outcomes 

Physiological 

Performance 

Outcomes 


Physical Health 
Outcomes 


Situational 

Awareness 


perceived 
urgency of 
situation 


mental model 
of situation 
and/or system 


Cognitive 

Adaptations 


memory/ 

knowledge 


attention/ 

alertness 


Pres 

sure 

stress 

performance 

pressure 

high public 
interest and 
visibility 

peer 

performance 

pressure 


Level of 
Trust in 
Situation/ 
System 


Psychological Co nditions 


Level of 
Excitement 
or Boredom 


Feelings of 
Accomplishment 
or Frustration 


Influence of Family, Friends & Society 

relationships to 
[ family & friends , 


isolation from 
family & friends 

health & 
happiness of 
family & friends 

isolation from 
society 


Morale 

morale/ 

motivation/ 

attitude 

level of 
happiness 

mood 



nervous 

system 

function 


visual 

perception 

function 


auditory 
perception 
. function . 


Physiological Adaptations 


vestibular 

function 


sensorimotor 

function 


proprioceptive 
& postural 
function 


bone 

IVD 

endocrine 

hunger 

hydration 

strength 

morphology 

system 
s functiQn . 

level 

level 


muscle 

performance 


cardiovascular/ 

cardiopulmonary 

— function 


immune 

system 


genitourinary 

function 



Injury or Illness Conditions 


abdomen, 

shoulder, 

bums, 

lower back 

upper arm 

corrosion 


elbow, 

wrist, 

hip, thigh 

knee, 

ankle, 

poison, 

forearm 

hand 

lower leg 

foot 

toxin 


genitourinary 


infectious, 

parasitic 


blood, blood- 

endocrine, 




tumor 

forming organs, 
immune si 

nutritional, 

metabolic 

nervous 

system 

eye 

ear, inner 
ear 


circulatory 


respiratory 


digestive, mouth, 
stomach 


skin and 
subcutaneous 
tissue 


musculoskeletal 
and connective 
tissue 


genitourinary 


Existing Physical Conditions 

| age j [ genderj | genetics j 


pre-existing 

medical 

condition 


lifestyle 

predisposition 


Above factors can influence task performance: 




Task Performance 
Outcomes 

Mission 

Outcomes 


OBSERVATION 


INTERPRETATION 


PLANNING 


EXECUTION 


SUCCESS 


Above factors and task performance^can influence mission performance: 


DEGRADED 

PERFORMANCE 


LOSS OF 
MISSION 


LOSS OF CREW 


Adapted from Mindock, J., Development and Application of Spaceflight Performance Shaping Factors for Human Reliability Analysis. University of Colorado, Boulder, CO, 2012. 



Initial Questions Driving Modeling 

Approach 

> Risk Level 

• Characterization of Work: What Risks are being addressed? 

• Completeness/Scope : Have related Risks been adequately addressed in 
Evidence Reports? In Research Plans (Gaps and Tasks)? 

• Collaborations : For the Research Plans of related Risks, are there potential 
collaborations or efforts with information that could be shared? 

> Factor Level 

• Characterization of Work: What factors are being addressed? 

• For factors that appear influential or high priority (e.g., based on frequency in a 
relevant search, a sensitivity analysis per Risk, DRM, mission phase. . .) 

• Completeness/Scope : Have those factors been adequately addressed in 
Evidence Reports? In Research Plans (Gaps and Tasks)? 

• Collaborations : For Risks with the same relevant factors, are there potential 
collaborations or efforts with information that could be shared? 
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Initial Integration Activities 
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Proof of Concept Work Using 
Publication Subset 



> 201 3 Q3 set of publications (~40 publications) 

> Tagged with applicable factors and risks 



Title Creator 

Dose- and ApoE Isoform-Dependent Cognitive Injury after Cranial [56)Fe ... Villasana et al. 
Autosomal mutations in mouse kidney epithelial cells exposed to high-e... Turker et al. 

Effect of SPE-like proton or photon radiation on the kinetics of mouse pe... Romero -Weaver et .. 
Lack of genomic instability in bone marrow cells of SCID mice exposed w... Rithidech et al. 
Effects of whole body (56)Fe radiation on contextual freezing and Arc-po... Raber et al. 

Effects of (56)Fe radiation on hippocampal function in mice deficient in ... Raber et al. 

The LET Dependence of Unrepaired Chromosome Damage in Human Ce... Loucas and Cornfo.. 


Date Added 
1/21/14 2:19:27 PM 
1/21/14 2:19:27 PM 
. 1/21/14 2:19:27 PM 
1/21/14 2:19:27 PM 
1/21/14 2:19:27 PM 
1/21/14 2:19:27 PM 
1/21/14 2:19:27 PM 


& R 



Info 


Notes 


Tags 


Related 


4 tags: 


Add 


CFM_Cellularfur 
CFM_Radiation exposure^ 
Risk NDA 


SR 


Comparative Analysis of Cell Killing and Autosomal Mutation in Mouse ... Kronenberg et al. 
Histone modifications and DNA double-strand break repair after exposur... Hunt et al. 

Early Effects of Whole-Body (56) Fe Irradiation on Hippocampal Function ... Haley et al. 
Nontargeted Stressful Effects in Normal Human Fibroblast Cultures Expo... Gonon et al. 


1/21/14 2:19:27 PM 
1/21/14 2:19:27 PM 
1/21/14 2:19:27 PM 
1/21/14 2:19:27 PM a 


*NDA = None Directly Applicable 
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Risk Histogram - 

Frequency in Sample Publication Set 





Risk Histogr 



Proof-of-Concept 

• Because NDA is most frequent, we 

Oste° 

data only! 

can see that our publications for this 


CL 

□ 




fundamental science rather than 
specific high-level Risk outcomes, 
(characterization of work at Risk-level) 

Consistent with our observation that 
the majority of these publications were 
related to radiation influences on 
cellular function. 

(will see on next chart as part of 
characterization of work at Factor-level) 

Fundamental focus does not negate 
the importance of the work! The 
latent factors influence many Risks. 


H 5 


u 

£ 


_E 

% 


a 

lZi 


E ^ 

E r_n 

ra 


*NDA = None Directly Applicable 
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Factor Histogram - 
Frequency in Sample Publication Set 
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Proof-of-Concept 
data only! 


Factor Histogram Visualized on CFM 
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i Hi 


do 


[■] 


1 


Radiation 


Contri billing Factor Map 

Factors Influencing Hunan Health and Performance in Space 


Optfiiliuim 


~S1 exposure 


Accel/ 
gravity leve 


Factors not shown : 

• Aerobic and muscular 
fatigue 

• Availability of non- 
exercise 

countermeasures 







Duillf eff 1 

J'.-lMDUIIv tl j 

PmDMLrK 

r 


1 1 ,1 AWiiYiik* 

ftil.MRA.ndy' 

^aga 

ii r*L i 


o 



jTjaiLlLHI' tf 1 



lnabF.nill.rlT 


Behavioral 
Health i 
fluiCDines 

Physiological 

Performance 

Outcomes 


flburirnd 

flrji tbn 
#.llc*rij9'llu'IO 


bM«- 

iffi 


lltarl 



™ i 

itwt*: ird FMHimfefii 


Physical Health 
Outcomes 


# of publications 
with factor tag 


Task Performance 
Outcomes 

Mission 

Outcomes 



Above factor: 


'sand task ^iformana^can inflionc meacr pcrfoimancc: 


j , P ci3*odf:iQT MrdKk JU ZtovAyaw i t iHB 1 Apj: lic-atm q^^arajlr>fi t, JV^Stootm \£ Fi&cnjb'- ITum tr, ZMliibiny J i afnii G>kcm3#, Doxi'i: CO, 2DH 
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^ Frequencies of Risks and Factors 
Associated with Acceleration/Gravity Level 



Histograms 

Radiation Expos... 

1 Acceleration Fact.,. ( Factor Network 

CFM Overlay 


Fracture 
Risk 


Acceleration/gravity Related Risks 


Cardiovascular/ 

cardiopulmonary 



function Fsctor \ Acceleration/ gravity Related Factors 



Acceleration/gravity Factor Network 


Proof-of-Concept 
data only ! 


T 


Muscle performance 

Physical'workload 

Head \ Sensorimotor function 
Vestibular function 

Gender 
id shift 


Vibration level 


Acceleration/gravity level 




ixecution task 


Availability of non-exercise counte 


^ Circadian rhyrthm function Bone s ^ rcngth 


Cardiovascular/ cardiopulmonary function 
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/ 


Combined Factor Network for 
Eventual Network Theory Application 



Mental model of , situation/system 


© Genetic 


Memory 


Radiation exposure 



Blood, BFOs} Immune 

W 


Vibration level 


Physicaljworkload 
Vestibular function 


Sensorimotor Acceleration/gravity level 

WD 


Muscle performance 


Head W 
w FlumTsfi 


shift 


Non-exercis^CM availability 

Bone strength 

Aerobic/muscle fatigue 
Circadian! rhythm 
Execution task 


Cardio function 


Gender 


Cognitive^workload 


Proof-of-concept network based on subset 
of HRP publications 



• Small World Network conceptual example 


Use network theory concepts to identify characteristics to 
enhance, such as connections to create or strengthen. 
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Connecting Multiple Model Inputs 

to Risks 



Community 


Radiation 



be shown to support multiple Risks. 

Additional collabomtive research may be needed to 
address important factors and relationships. 
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Next Steps Include... 



> Develop methods to automate analysis process 

> Incorporate information from additional sources into model 

> Apply network theory for cross-disciplinary integration enhancement 
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BACKUP 
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Table of Relationships and Their 

Attributes 


Criteria 





Element Type: FactorRelationship 

• • • 



^ # 

Name 

Strength_of_Relationship 

Uncertainty_of_Strength 

1 

B RadiationExpos_TO_BloodBFOslmmune 

Low 

High 

2 

B RadiationExpos_TO_MentalModelSitSystem 

Low 

High 

3 

B RadiationExpos_TO_lmmuneSysFunction 

Med 

Med 

4 

B RadiationExpos_TO_Cenetics 

Med 

Med 

5 

B RadiationExpos_TO_Tumor 

Med 

Med 

6 

B RadiationExpos_TO_MemoryKnowledge 

Med 

Med 

7 

B RadiationExpos_TO_T rustSituationSystem 

High 

Med 

8 

B RadiationExpos_TO_CellularFunction 

High 

Low 

9 

B Acce 1C rav_T 0_H e ad 




High 

10 

B AccelCrav_TO_AvailNonExercisePhysiolCMs 

•V /Vn* 


High 

11 

B AccelCrav_TO_CellularFunction 


re-,. . 


12 

B AccelGrav_TO_ExecutionTaskSuccess 

Low 


T' ‘'a/#- 

13 

B Acce IG rav_T 0_Se nsorimotorFunction 

Low 



/ 

14 

B AccelGrav_TO_CognitiveWorkLoad 

Low 

High^^-V 

15 

B AccelGrav_TO_CircadianRhythmFunction 

Low 

High 

16 

B AccelGrav_TO_VibrationLevel 

Low 

High 

17 

B AccelGrav_TO_IVDMorphology 

Low 

High 

18 

B AccelGrav_TO_VestibFunction 

Low 

High 

19 

B AccelGrav_TO_AerobicMuscleFatigue 

Med 

Med 

20 

B AccelGrav_TO_PhysicalWorkLoad 

Med 

Med 

21 

B AccelGrav_TO_Cardiovasc_pulm_Function 

High 

Low 

22 

B AccelGrav_TO_MusclePerformance 

High 

Low 

23 

B AccelGrav_TO_BoneStrength 

High 

Low 
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